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Date: October 21, 2015 

To: Derrick Eberle, Bruce Dees & Associates 

From: Kris Lepine and Ian Mostrenko, Herrera Environmental Consultants 

Subject: Evaluation of Planned and Post-Construction Observed Water Surface Elevations 
for the Upper Clear Creek Mitigation Site Project 

  

Summary 
This memorandum presents information pertaining to higher than planned water surface 
elevations (WSEs) during base flow conditions at the site, based upon observed water levels 
during and after construction (i.e., grading) of the Port of Tacoma’s Upper Clear Creek 
Mitigation Site (UCCMS). The UCCMS was designed and graded based on an estimated range of 
long-term sustained base flow (SBF) WSE ranging from 11.0 feet to 12.0 feet with an average 
WSE of 11.5 feet (Port of Tacoma – MLLW datum). Sustained base flows are generated from 
numerous sources in the creek’s drainage basin, including groundwater expression, that are 
not directly precipitation-related. When precipitation occurs in the basin, the creek flow rate 
typically rises above SBF level. Between storm events, SBF can persist for weeks to months 
during the growing season. 

Higher than planned SBF WSEs were observed during UCCMS construction in the summer of 
2015 in comparison to WSE observations at the site from 2011 to 2014 due to a significant 
downstream bloom of common waterweed (Elodea canadensis). The extent of common 
waterweed in the creek channel visibly decreased in early October 2015, coinciding with a 
notable decrease in WSE at the UCCMS. This trend is expected to continue into the fall as the 
waterweed stalks detach and float downstream. Even though the atypical climatic conditions 
in the late spring and summer of 2015 were exceptional in supporting a significant bloom of 
common waterweed in Clear Creek, it is a perennial aquatic plant that has historically been 
present in the system, and similar climatic conditions may occur again in the future, 
supporting blooms similar to that of 2015. If and when such climatic conditions recur, it is 
reasonable to expect that SBF WSEs will be higher than usual within the UCCMS. 

Subsequent evaluation of the WSE monitoring data and modeling of this type of hydraulic 
effect suggests that design modifications be considered to accommodate the potential for 
year-to-year SBF WSE variability in the growing season. The longer-term average SBF WSE 
could be as high as 12.0 feet with an upper limit of 12.8 feet. By designing the vegetation 
plantings to be adaptable to this higher WSE range, the UCCMS will be more resilient to 
achieve project goals and objectives while experiencing hydrologic conditions similar to those 
in summer 2015. 
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This increase in the upper limit of the SBF WSE range will not impact the hydrologic/hydraulic 
or water quality functions, targets, and project standards provided in the UCCMS Basis of 
Design (BOD) report (BDA et al. 2013). In fact, floodplain and wetland bench inundation 
frequency associated with project standards will be slightly improved, with more inundation 
certainty. However, modifications to plantings of wetland vegetation communities between 
elevations 11.5 feet and 12.8 feet are warranted to provide more robust, resilient, and 
sustainable vegetation that can accommodate the higher anticipated range of SBF WSEs. 

Proposed revisions to the UCCMS planting plan are described in a separate memorandum. This 
memorandum presents additional background information regarding the WSEs observed during 
construction, the planned SBF WSE range developed for design, factors contributing to higher 
observed WSEs than what the hydraulic model used for design predicted, and design 
modifications recommended given higher SBF WSE variability anticipated in the future. 

Water Surface Elevation Observations During Construction 
During construction, Herrera Environmental Consultants (Herrera) and Bruce Dees & 
Associates (BDA) recorded WSE readings from a staff gage located in the Clear Creek channel 
between Gay Road and the outlet of the recently constructed main channel. Manual readings 
were collected from this staff gage on 46 days between August 25, 2014 and October 19, 
2015. The first WSE reading on August 25, 2014 was 11.8 feet. The water surface rose up to 
12.46 feet after a 0.5-inch precipitation event on August 30, 2014, then fluctuated between a 
maximum of 14.4 feet (December 12, 2014) and a minimum of 11.8 feet (April 15, 2015) in 
the winter and spring of 2015. 

Precipitation data from rain gages in Tacoma were analyzed to determine if spikes in WSE at 
the UCCMS were likely due to rain events (Weather Underground 2015a and 2015b). For 
example, the highest recorded WSE occurred after approximately 1.3 inches of steady rainfall 
over the previous four days. Measurements reflecting precipitation-driven WSE spikes were 
identified for the 46 observation data points to determine WSE fluctuation corresponding to 
Clear Creek base flow versus precipitation-driven runoff flows. Figure 1 provides a graph of 
the precipitation data and measured WSE at the UCCMS. The orange data points represent 
measured WSE within 72 hours of a precipitation event, and the blue data points represent 
WSEs that were collected more than 72 hours after a precipitation event. The blue data 
points represent likely longer-term SBF WSEs at the site. This adjusted data, excluding direct 
precipitation influences on water levels at the UCCMS, indicates an average SBF WSE of 
approximately 12.0 feet, a highest base flow WSE of 12.8 feet (August 14, 2015), and lowest 
base flow WSE of 11.8 feet (August 25, 2014 and April 15, 2015). 
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Figure 1. WSE at Downstream Staff Gage Near Gay Road. 

The start of the base flow WSE rise associated with common waterweed growth in the creek 
channel was observed in early July 2015. The highest rate of change was noted in mid-to-late 
July with the WSE at approximately 12.5 feet just before the new channel was connected to 
the existing creek channel near the downstream extent of the UCCMS. The gradient of the 
elevated WSE was very flat, with little difference between the WSE upstream and 
downstream of Gay Road as indicated by submergence of the inlet and outlet of the culverts 
under Gay Road. As such, the previously unexpected rise in WSE was directly associated with 
a downstream backwater effect and not related to the connection of the floodplain channels. 

The data in Figure 1 indicate three important trends suggesting that future SBF WSEs may 
have a higher variability compared to the previously anticipated range, which was based on 
hydraulic modeling and assumed for the design of the UCCMS. These trends are: 

1. There is a significant difference between the August 2014 WSE and the August 2015 
WSE, suggesting a higher SBF range and potential year-to-year fluctuation in SBF WSE. 

2. The winter and spring base flow WSE in 2015 did not decrease below 11.5 feet as 
assumed in the design; the average SBF WSE in this time period was 12.0 feet. 

3. There was a gradual upward WSE trend from July 15, 2015 (12.0 feet) to August 14, 
2015 (12.8 feet) that appears to be independent of the modest (and typical) amount of 
precipitation that occurred during that month, suggesting factors other than 
precipitation (and resultant effects on discharge rate in the creek) affect the WSE at 
the UCCMS. 
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Streamflow data collected prior to the start of the UCCMS construction from 2011 to 2014 did 
not demonstrate this type of increasing base flow WSE trend in the summer of 2012 or 2013 
(Herrera 2012). Monitoring well data showed an increase in late August of 2013, but this was 
associated with a large precipitation event. There was no pre-project data collected at the 
site suggesting the potential for this type of non-precipitation-related base flow WSE 
increase. 

Factors Contributing to Higher Water Surface Elevations 
The Port and BDA conducted a downstream analysis of Clear Creek on July 20, 2015, 
extending from Gay Road to the mouth of the creek at the Puyallup River to assess what could 
be causing the elevated WSE noted at the UCCMS staff gage from June through July. Beaver 
dams or fallen wood with damming effects were not encountered; however, substantial 
macrophyte cover was observed growing in the channel, consisting largely of common 
waterweed (Elodea canadensis). In several locations, beds of common waterweed were 
observed growing across the entire channel width. Dense macrophyte beds can reduce 
streamflow velocities by an estimated 41 percent because they act like semi-permeable dams 
(Champion and Tanner 2000). Studies have also shown that aquatic weeds can reduce water 
carrying capacity by as much as 80 percent (Mehta et al. 1973). Manning’s roughness values 
(i.e.,” n-values”) used for open channel hydraulic analysis as high as 0.2 to 0.3 have been 
reported for channels depending on the occlusion of the channel and relative degree of 
submergence of macrophytes (Ferreira 2006).  The magnitude of this roughness is significantly 
higher than the common standard of practice for hydraulic models, with in-channel Manning’s 
roughness values ranging from 0.02 to 0.06. 

The primary environmental drivers for a hydraulically significant common waterweed bloom 
in Clear Creek downstream of the UCCMS in 2015 include greater than normal sunlight, 
elevated water temperatures, and elevated nutrient content in the creek flow. The 
incremental increase in the 2015 SBF WSE coincided with the typical June through August 
bloom period for common waterweed. Shade and forest cover has been shown to limit elodea 
substrate cover and growth (Brock 2012). The hydraulic controls downstream of the UCCMS 
that govern the SBF WSE within the site include large reaches with no overhanging vegetation. 
In July 2015, these open areas included common waterweed covering the entire width of the 
channel, likely triggered by unusually warm and sunny conditions in the months of May and 
June, followed by typical warm and sunny conditions in July. The prevailing air temperatures 
from June through August were also higher on average in 2015 (Figure 2), which almost 
certainly increased water temperatures in Clear Creek (which are not measured). All these 
factors suggest that the common waterweed bloom downstream of the UCCMS was much 
greater than in previous years and therefore the cause of elevated SBF WSEs in the creek in 
the summer of 2015. 

Patches of low to moderate densities of common waterweed were observed by Herrera in 
2011 and 2012 in Clear Creek adjacent to the UCCMS and nearby downstream areas. Observed 
flow in 2011 and 2012 was only slightly impeded by the waterweed growth. As such, a full 
occlusion of the channel by waterweed (or other aquatic plant growth) as observed in 2015 
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was not assumed in the hydraulic model used for design development. To assess whether an 
aquatic plant bloom could account for the higher WSE trend noted between 2014 and 2015, 
the hydraulic model was adjusted using the higher Manning’s “n-values” described above. This 
assessment using the hydraulic model is described in the following section. 

 

Figure 2. Air Temperatures in Tacoma in Summer of 2015. 
Source: <http://www.accuweather.com/en/us/tacoma-wa/>. 

Hydraulic Modeling of Water Surface Elevations 
During the design phase of the project, Herrera conducted hydraulic modeling of the UCCMS 
in support of developing a grading design that achieves planned water depths for various 
aquatic habitats on the site including channels, ponds, and adjacent low-elevation benches; 
and a wetland floodplain (Herrera 2012). Several base flow events were modeled as 
summarized in Table 1. The planting design of the various aquatic habitats was based on 
modeling results for base flow events expected during the growing season (March through 
October), including base low flow, average annual flow, and base high flow. The simulated 
hydrologic conditions used for design included SBF WSE ranging from 10.5 feet to 11.5 feet at 
the downstream end of the UCCMS with a predicted average WSE of 11.2 feet for the average 
annual flow. Higher SBF close to 20 cubic feet per second (cfs) was assumed in the design 
process to represent SBF that may occur during the growing season, resulting in prediction of 

http://www.accuweather.com/en/us/tacoma-wa/
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a longer-term SBF WSE of 11.5 feet. This elevation was used to develop the UCCMS floodplain 
inundation and vegetation design. 

Table 1. Flow Rates Used in Hydraulic Modeling. 

Event Flow Rate (cfs)  
Base Low Flow 10 

Average Annual Flow 13 

Base High Flow 20 

cfs – cubic feet per second. 

The hydraulic model was developed using the HEC-RAS software developed by the US Army 
Corps of Engineers as documented in the Hydrologic and Hydraulic Analysis report (Herrera 
2012). The HEC-RAS model extended from approximately 200 feet upstream to 1,400 feet 
downstream of the UCCMS. Modeling results showed that there is a dominant natural 
hydraulic control feature located approximately 300 feet downstream of the Gay Road 
culverts affecting low base flow WSE on the UCCMS (Herrera 2012). This natural control 
includes a locally higher channel bed elevation and relatively confined low flow channel width 
that limits low flow conveyance. This hydraulic control location is not tidally influenced 
(Herrera 2012). A schematic of the hydraulic control and general effects of it on SBF WSE 
upstream to the UCCMS is provided in Figure 3. 

 

Figure 3. Schematic of Hydraulic Control and SBF WSE at the UCCMS. 
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Based on observations of the creek channel conditions in 2012, a Manning’s n-value of 
0.04 was originally selected to represent channel roughness in the hydraulic model (Herrera 
2012). This Manning’s n-value was intended to represent a simplified sand-bedded channel 
with a low degree of irregularity and moderate level of in-channel vegetation (Chow 1959). As 
described above, a high degree of submergence and full occlusion of the creek channel with 
common waterweed or another macrophyte could result in an effective Manning’s roughness 
value as high as 0.2 to 0.3 (Ferreira 2006). The hydraulic roughness of the reach of Clear 
Creek downstream of Gay Road (base flow hydraulic control) was modified in the hydraulic 
model to assess whether a dense bloom of common waterweed could explain the elevated 
WSEs observed in the summer of 2015. The results of the modified hydraulic model showed a 
WSE increase of approximately 1.5 feet relative to pre-design hydraulic model results in the 
lower reaches of the UCCMS. The estimated WSE based on the modified model results is 
12.0 feet for the average annual discharge of 13 cfs and 12.5 feet for the base high flow of 
20 cfs. This is consistent with observations and data collected in 2015 and supports the 
finding that the common waterweed bloom is likely the primary cause of the 2015 WSE rise 
observed at the UCCMS, and that the maximum SBF WSE observed in late summer 2015 is a 
reasonable upper limit for assumed SBF WSE in future years. 

Figure 4 (at the end of this memorandum) provides a cross-section (at station 4+60) showing 
how the originally planned and proposed increase in planned SBF WSE relate to the 
constructed topography in the lower area of the UCCMS. This portion of the UCCMS is 
representative of the most significant change to potential inundation assuming the higher SBF 
WSE range. 

In addition, the water surface gradient in the modified hydraulic model results was very low, 
such that the hydraulic effects of the downstream change in roughness did not propagate 
upstream to the first flow diversion structure. Therefore, the higher WSEs observed and 
modeled diminish in the upstream direction through the UCCMS and do not affect the design 
flow split at the upstream flow diversion structure. 

Conclusions and Recommendations 
Based on WSE measurements in Clear Creek at the UCCMS in late summer of 2015, non-
precipitation-related SBF WSE increased by approximately one foot compared to the same 
time period in 2014. This change in observed WSE appears to be directly correlated to a 
downstream change in hydraulic conveyance capacity of the creek channel due to a 
significant bloom of common waterweed. The UCCMS was designed and graded based on an 
anticipated range of SBF WSE varying from 11.0 feet to 12.0 feet, with an average SBF WSE of 
11.5 feet. This range did not account for the potential for higher WSEs as observed in the 
summer of 2015 due to extensive common waterweed growth in the creek channel (or that 
could occur in the future due to other macrophyte growth) downstream. The waterweed 
bloom in summer 2015 was caused by hotter and drier than normal climatic conditions. 
Although it is possible that reduced flow conveyance conditions downstream of the UCCMS in 
2015 were anomalous, vegetative community adjustments within the UCCMS to accommodate 
an upper limit of the SBF WSE of 12.8 feet is recommended. The lower limit of the 
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anticipated SBF WSE is unchanged. The recommended increase in the upper limit of the SBF 
WSE range coincides with improved wetland bench and floodplain connectivity. 

This modification in the hydrologic conditions for which the site planting plan is adjusted does 
not impact the hydrologic/hydraulic or water quality functions, targets, and project standards 
provided in the UCCMS Basis of Design (BOD) report (BDA et al. 2013). 
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